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Abstract
It is a fundamental problem to determine the largest minimum
weight d3(n, k) among all ternary linear complementary dual [n, k]
codes. In this note, we determine d3(n, 4) for n ≡ 11, 14, 16, 17,
20, 24, 29, 30, 33, 36, 39 (mod 40). We also determine d3(n, k), when
(n, k) = (121s+17, 5), (364s+13, 6), (364s+18, 6) and (1093s+14, 7),
for a nonnegative integer s. In addition, we determine d3(n, k) for
k = n− 2, n− 3, n − 4.
1 Introduction
Let Fq denote the finite field of order q, where q is a prime power. The
dual code C⊥ of an [n, k] code C over Fq is defined as C
⊥ = {x ∈ Fnq |
〈x, y〉 = 0 for all y ∈ C}, where 〈x, y〉 =
∑n
i=1 xiyi for x = (x1, . . . , xn), y =
(y1, . . . , yn) ∈ F
n
q . Let 0n denote the zero vector of length n. A code C over
Fq is called linear complementary dual (LCD for short) if C ∩ C
⊥ = {0n}.
LCD codes were introduced by Massey [5] and gave an optimum linear
coding solution for the two user binary adder channel. Recently, much work
has been done concerning LCD codes for both theoretical and practical rea-
sons. In particular, Carlet, Mesnager, Tang, Qi and Pellikaan [4] showed that
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any code over Fq is equivalent to some LCD code for q ≥ 4. This motivates
us to study LCD codes over Fq (q = 2, 3). Codes over F3 are called ternary.
In this note, we study ternary LCD codes. We take the elements of F3 to be
0, 1, 2.
It is a fundamental problem to determine the largest minimum weight
d3(n, k) among all ternary LCD [n, k] codes, and complete the classification
of ternary LCD [n, k] codes for a given pair (n, k). The classification of
ternary LCD [n, k] codes for k = 1, n − 1 and ternary LCD [n, k] codes for
n ≤ 10 was done in [1]. Recently, the largest minimum weights d3(n, k) have
been determined for k = 2, 3 [6]. In this note, we study the largest minimum
weights d3(n, k) for k = 4, n−2, n−3, n−4, and the largest minimum weights
d3(n, k) for k ≤ n ≤ 20.
This note is organized as follows. In Section 2, we show that there is no
ternary LCD [3r, 4, 2r] code for r = 9, 12, 13, 18. Also, we construct ternary
LCD [n, 4, d] codes for (n, d) = (11, 6), (14, 8), (16, 9), (17, 10), (20, 12),
(24, 15), (27, 16), (29, 18), (30, 19), (33, 21), (36, 23) and (39, 25). Applying
the methods in [6] to the above two results, we determine d3(n, 4) for
n ≡ 11, 14, 16, 17, 20, 24, 29, 30, 33, 36, 39 (mod 40).
In addition, we give some bounds on d3(n, 4) for n ≡ 27 (mod 40). In Sec-
tion 3, we determine the largest minimum weights d3(n, k) for n ≤ 18. As a
consequence, we determine d3(n, k), when
(n, k) = (121s+ 17, 5), (364s+ 13, 6), (364s+ 18, 6) and (1093s+ 14, 7),
for a nonnegative integer s. We also give some bounds on d3(n, k) for n =
19, 20. Finally, in Section 4, we completely determine d3(n, k) for k = n −
2, n− 3, n− 4.
All computer calculations in this note were done by programs inMagma [2]
and programs in the language C.
2 Dimension 4
Recently, the largest minimum weights d3(n, 4) among all ternary LCD [n, 4]
codes have been determined in [6] for n ≡ 4, 5, 7, 8 (mod 40). In this section,
we determine d3(n, 4) for n ≡ 11, 14, 16, 17, 20, 24, 29, 30, 33, 36, 39 (mod 40).
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2.1 Classification method
A shortened code of a ternary code C is the set of all codewords in C which
are 0 in a fixed coordinate with that coordinate deleted. A shortened code of
a ternary [n, k, d] code with d ≥ 2 is a ternary [n− 1, k, d] code if the deleted
coordinate is a zero coordinate and a ternary [n−1, k−1, d′] code with d′ ≥ d
otherwise. A ternary [n, k, d] code gives n shortened codes, and at least k
codes among them are ternary [n− 1, k− 1, d′] codes with d′ ≥ d. Hence, by
considering the inverse operation of shortening, every ternary [n, k, d] code
with d ≥ 2 is constructed from some ternary [n−1, k−1, d′] code with d′ ≥ d.
This method is useful for low dimensions.
By the above method, in this section, we give a classification of ternary
[n, 4, d] codes for some (n, d). We explicitly describe how our computer cal-
culation for the classification was done. By considering equivalent ternary
codes, we may assume that a ternary [n, 2] code has the following generator
matrix: (
1 0 0a1 0a2 1a3 1a4 1a5
0 1 0a1 1a2 0a3 1a4 2a5
)
, (1)
where 1k denotes the all-one vector of length k, and 21k is denoted by 2k. We
find all inequivalent ternary [n, 2, d′] codes with d′ ≥ d, by checking equiva-
lences among obtained codes. For each of the inequivalent ternary [n, 2, d′]
codes with generator matrices (1), by considering the inverse operation of
shortening, we may assume that a ternary [n, 3, d′′] code with d′′ ≥ d has the
following generator matrix:
 1 0 0 0a1 0a2 1a3 1a4 1a50 1 0 0a1 1a2 0a3 1a4 2a5
0 0 1 x1 x2 x3 x4 x5

 , (2)
where xi = (xi,1, . . . , xi,is) (i = 1, 2, 3, 4, 5), under the condition that xi,j ≤
xi,k for j < k and x1,ℓ ∈ {0, 1}. In this way, we find all ternary [n, 3, d
′′] codes
with d′′ ≥ d, which must be checked further for equivalences. By checking
equivalences among these codes, we find all inequivalent ternary [n, 3, d′′]
codes. In addition, for each of the inequivalent ternary [n, 3, d′′] codes with
generator matrices (2), by considering the inverse operation of shortening, we
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may assume that a ternary [n, 4, d] code has the following generator matrix:


1 0 0 0 0b1 0b2 0b3 0b4 0b5
0 1 0 0 0b1 0b2 1b3 1b4 1b5
0 0 1 0 0b1 1b2 0b3 1b4 2b5
0 0 0 1 y1 y2 y3 y4 y5
1b6 1b7 1b8 1b9 1b10 1b11 1b12 1b13 1b14
0b6 0b7 0b8 1b9 1b10 1b11 2b12 2b13 2b14
0b6 1b7 2b8 0b9 1b10 2b11 0b12 1b13 2b14
y6 y7 y8 y9 y10 y11 y12 y13 y14

 ,
where yi = (yi,1, . . . , yi,is) (i = 1, 2, . . . , 14), under the condition that yi,j ≤
yi,k for j < k and y1,ℓ ∈ {0, 1}. In this way, we find all ternary [n, 4, d]
codes, which must be checked further for equivalences. Finally, by check-
ing equivalences among these codes, we find all inequivalent ternary [n, 4, d]
codes.
In [1], the classification of ternary LCD [n, k] codes was done for n ≤ 10.
To test equivalence of ternary codes by a program in the language C, the
method given in [1] is also used in this note.
2.2 Upper bounds on d3(n, 4) and results from [6]
Suppose that there is an (unrestricted) ternary [n, 4, d] code. By the Griesmer
bound, we have
n ≥ d+
⌈
d
3
⌉
+
⌈
d
9
⌉
+
⌈
d
27
⌉
.
Write n = 40s + t (t = 0, 1, . . . , 39). Then we have d ≤ dg, where dg are
listed in Table 1 for each n = 40s + t (s ≥ 1 if t = 0, 1, 2, 3 and s ≥ 0 if
t = 4, 5, . . . , 39).
The following results in [6] are an important tool for the determination
of d3(n, k), especially d3(n, 4).
Lemma 1 (Saito [6]). Let s be a positive integer. If there is a ternary LCD
[n0, k, d0] code, then there is a ternary LCD [((3
k−1)/2)s+n0, k, 3
k−1s+ d0]
code.
Lemma 2 (Saito [6]). Suppose that
(n0, d0) ∈ {(27, 18), (36, 24), (39, 26), (54, 36), (63, 42)}.
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Table 1: Upper bound dg
n dg n dg n dg n dg
40s 27s 40s+ 10 27s+ 6 40s+ 20 27s+ 12 40s+ 30 27s+ 19
40s+ 1 27s 40s+ 11 27s+ 6 40s+ 21 27s+ 13 40s+ 31 27s+ 20
40s+ 2 27s 40s+ 12 27s+ 7 40s+ 22 27s+ 14 40s+ 32 27s+ 21
40s+ 3 27s 40s+ 13 27s+ 8 40s+ 23 27s+ 15 40s+ 33 27s+ 21
40s+ 4 27s+ 1 40s+ 14 27s+ 9 40s+ 24 27s+ 15 40s+ 34 27s+ 22
40s+ 5 27s+ 2 40s+ 15 27s+ 9 40s+ 25 27s+ 16 40s+ 35 27s+ 23
40s+ 6 27s+ 3 40s+ 16 27s+ 9 40s+ 26 27s+ 17 40s+ 36 27s+ 24
40s+ 7 27s+ 3 40s+ 17 27s+ 10 40s+ 27 27s+ 18 40s+ 37 27s+ 24
40s+ 8 27s+ 4 40s+ 18 27s+ 11 40s+ 28 27s+ 18 40s+ 38 27s+ 25
40s+ 9 27s+ 5 40s+ 19 27s+ 12 40s+ 29 27s+ 18 40s+ 39 27s+ 26
If there is no ternary LCD [n0, 4, d0] code C0 with d(C
⊥
0 ) ≥ 2, then there is
no ternary LCD [40s+ n0, 4, 27s+ d0] code C with d(C
⊥) ≥ 2 for a positive
integer s.
2.3 Results on d3(n, 4)
By the method given in Section 2.1, our computer search found ternary LCD
[n, 4, d] codes Cn for
(n, d) = (11, 6), (16, 9), (17, 10), (20, 12), (24, 15), (29, 18), (30, 19), (33, 21).
Throughout this section, to save space, using 40 vectors vi of length 4 in Ta-
ble 2, we give construction of Cn as follows. For a generator matrix
(
I4 M
)
of Cn, let nj (j = 1, 2, . . . , 40) be the number of the columns of M , which are
equal to vTj , where Ik denotes the identity matrix of order k and A
T denotes
the transpose of A. It is trivial that the numbers nj (j = 1, 2, . . . , 40) con-
struct Cn, up to equivalence. The numbers nj (j = 1, 2, . . . , 40) are listed in
Table 4 for Cn (n = 11, 16, 17, 20, 24, 29, 30, 33). By Lemma 1 and Table 1,
we have the following:
Theorem 3. Suppose that
(n0, d0) ∈
{
(11, 6), (16, 9), (17, 10), (20, 12), (24, 15), (29, 18),
(30, 19), (33, 21)
}
.
Then there is a ternary LCD [40s+n0, 4, 27s+d0] code, and d3(40s+n0, 4) =
27s+ d0 for a nonnegative integer s.
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Table 2: Vectors vj (j = 1, 2, . . . , 40)
i vi i vi i vi i vi i vi
1 (0, 0, 0, 1) 2 (0, 0, 1, 0) 3 (0, 0, 1, 1) 4 (0, 0, 1, 2) 5 (0, 1, 0, 0)
6 (0, 1, 0, 1) 7 (0, 1, 0, 2) 8 (0, 1, 1, 0) 9 (0, 1, 1, 1) 10 (0, 1, 1, 2)
11 (0, 1, 2, 0) 12 (0, 1, 2, 1) 13 (0, 1, 2, 2) 14 (1, 0, 0, 0) 15 (1, 0, 0, 1)
16 (1, 0, 0, 2) 17 (1, 0, 1, 0) 18 (1, 0, 1, 1) 19 (1, 0, 1, 2) 20 (1, 0, 2, 0)
21 (1, 0, 2, 1) 22 (1, 0, 2, 2) 23 (1, 1, 0, 0) 24 (1, 1, 0, 1) 25 (1, 1, 0, 2)
26 (1, 1, 1, 0) 27 (1, 1, 1, 1) 28 (1, 1, 1, 2) 29 (1, 1, 2, 0) 30 (1, 1, 2, 1)
31 (1, 1, 2, 2) 32 (1, 2, 0, 0) 33 (1, 2, 0, 1) 34 (1, 2, 0, 2) 35 (1, 2, 1, 0)
36 (1, 2, 1, 1) 37 (1, 2, 1, 2) 38 (1, 2, 2, 0) 39 (1, 2, 2, 1) 40 (1, 2, 2, 2)
By the method given in Section 2.1, our exhaustive computer search com-
pletes the classification of (unrestricted) ternary [n, 4, d] codes for
(n, d) = (27, 18), (36, 24), (39, 26), (54, 36).
The results are as follows:
Lemma 4. (1) There is a unique ternary [27, 4, 18] code, up to equivalence.
The unique code D27 is not LCD.
(2) There is a unique ternary [36, 4, 24] code, up to equivalence. The unique
code D36 is not LCD.
(3) There is a unique ternary [39, 4, 26] code, up to equivalence. The unique
code D39 is not LCD.
(4) There are two inequivalent ternary [54, 4, 36] codes. None of the two
codes D54,1 and D54,2 is LCD.
In order to give Dn (n = 27, 36, 39) and D54,i (i = 1, 2), the numbers nj
(j = 1, 2, . . . , 40) are listed in Table 4.
For the above classification, we used a computer with CPU Intel(R)
Core(TM) i9 9900K, 8 Cores. The next case is to complete a classification
of ternary [63, 4, 42] codes. Our computer search found that there are 1509
inequivalent ternary [62, 3, 42] codes. We tried to find all ternary [63, 4, 42]
codes for some 16 [62, 3, 42] codes as the first step. The computer calculation
to find all ternary [63, 4, 42] codes did not end even after one month. Our
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feeling is that the computation for the complete classification is beyond our
current computer resources.
In addition, our computer search found a ternary LCD [n, 4, d] code Cn
for
(n, d) = (14, 8), (27, 16), (36, 23), (39, 25).
In order to give Cn (n = 14, 27, 36, 39), the numbers nj (j = 1, 2, . . . , 40) are
listed in Table 4. By Lemma 1, we have the following:
Lemma 5. Suppose that (n0, d0) ∈ {(14, 8), (27, 16), (36, 23), (39, 25)}. Then
there is a ternary LCD [40s+ n0, 4, 27s+ d0] code for a nonnegative integer
s.
Theorem 6. (1) Suppose that
(n0, d0) ∈ {(14, 9), (27, 18), (36, 24), (39, 26)}.
Then there is no ternary LCD [40s+n0, 4, 27s+ d0] code for a nonneg-
ative integer s.
(2) Let s be a nonnegative integer. Then
d3(40s+ 14, 4) = 27s+ 8,
d3(40s+ 27, 4) ∈
{
{16} if s = 0,
{27s+ 16, 27s+ 17} if s ≥ 1,
d3(40s+ 36, 4) = 27s+ 23,
d3(40s+ 39, 4) = 27s+ 25.
Proof. The largest minimum weight among (unrestricted) ternary [14, 4] code
is 8 (see [3]). By Lemma 5 and Table 1, d3(14, 4) = 8 and d3(40s + 14, 4) ∈
{27s+ 8, 27s+ 9} if s ≥ 1.
Now, suppose that (n0, d0) ∈ {(27, 18), (36, 24), (39, 26), (54, 36)}. By
Lemma 4, there is no ternary LCD [n0, 4, d0] code. Hence, by Lemma 2,
there is no ternary LCD [40s + n0, 4, 27s + d0] code C with d(C
⊥) ≥ 2 for
s ≥ 1. It is easy to see that if there is a ternary LCD [n, k, d] code D with
d(D⊥) = 1, then there is a ternary LCD [n− 1, k, d] code. Since
d3(40s+ 13, 4) ≤ 27s+ 8, d3(40s+ 26, 4) ≤ 27s+ 17,
d3(40s+ 35, 4) ≤ 27s+ 23, d3(40s+ 38, 4) ≤ 27s+ 25,
there is no ternary LCD [40s + n0, 4, 27s + d0] code C with d(C
⊥) = 1 for
s ≥ 1. This completes the proof of the assertion (1). The assertion (2)
follows from (1) along with Lemma 5.
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3 Lengths up to 20
In this section, we determine the largest minimum weights d3(n, k) among all
ternary LCD [n, k] codes for n ≤ 18. We also give some bounds on d3(n, k)
for n = 19, 20.
We describe how our computer calculation determined the minimum
weights d3(n, k). Let d
all
3 (n, k) denote the largest minimum weight among
all (unrestricted) ternary [n, k] codes. For a fixed parameters (n, k), we
checked whether there is a ternary LCD [n, k, dall3 (n, k)] code or not, by using
either the inverse operation of shortening given in the previous section, or
the following method. If there is no ternary LCD [n, k, dall3 (n, k)] code, then
we checked whether there is a ternary LCD [n, k, dall3 (n, k)− 1] code or not.
By continuing this process, we determined the minimum weights d3(n, k).
Every ternary [n, k, d] code is equivalent to a code with generator matrix
of the form
(
Ik A
)
, where A is a k × (n − k) matrix. Let ri be the i-th
row of A. Here, we may assume that A satisfies the following conditions:
(i) r1 = (0n−k−d+1, 1d−1),
(ii) the weight of ri is at least d− 1,
(iii) the first nonzero element of ri is 1,
(iv) r1 < r2 < · · · < rk if d ≥ 3 and r1 ≤ r2 ≤ · · · ≤ rk if d ≤ 2,
where we consider some order < on the set of vectors of length n − k. The
set of matrices A is constructed, row by row, under the condition that the
minimum weight of the ternary [n,m] code with generator matrix:

r1
Im
...
rm


is at least d for each m = 2, 3, . . . , k − 1. It is obvious that the set of
the ternary [n, k, d] codes obtained in this approach contains a set of all
inequivalent ternary [n, k, d] codes.
In this way, the largest minimum weights d3(n, k) are determined for
n ≤ 18. For n = 19 and 20, we give some bounds on d3(n, k). The
largest minimum weights d3(n, k) are known for k = 1, 2, 3, n − 1, n. Also,
d3(n, k) are determined in the next section for k = n − 4, n − 3, n − 2.
8
In Table 3, we only list d3(n, k) for 4 ≤ k ≤ n − 5. For the parame-
ters in the table, a ternary LCD code can be obtained electronically from
http://www.math.is.tohoku.ac.jp/~mharada/Paper/LCD3.txt.
Table 3: d3(n, k) for 11 ≤ n ≤ 20
n\k 4 5 6 7 8 9 10 11 12 13 14 15
11 6 5 4
12 6 5 5 4
13 7 6 6 5 4
14 8 7 6 6 5 4
15 8 8 7 6 5 4 4
16 9 8 7 6 6 5 4 4
17 10 9 8 7 6 6 5 4 4
18 10 9 9 8 7 6 6 5 4 4
19 11 10 9 8, 9 8 7 6 6 5 4 4
20 12 11 10 8, 9 8, 9 7, 8 7 6 5, 6 5 4 3, 4
Now, we emphasize that there is a ternary LCD [n, k, d] code meeting
the Griesmer bound for (n, k, d) = (13, 6, 6), (14, 7, 6), (17, 5, 9) and (18, 6, 9)
(see Table 3). We denote these codes by En (n = 13, 14, 17, 18), respectively.
For a generator matrix
(
Ik Mn
)
of En (n = 13, 14, 17, 18), the matrices
Mn are listed in Figure 1. By the Griesmer bound and Lemma 1, we have
the following:
Theorem 7. Let s be a nonnegative integer. Suppose that
(n, k, d) ∈
{
(364s+ 13, 6, 243s+ 6), (1093s+ 14, 7, 729s+ 6),
(121s+ 17, 5, 81s+ 9), (364s+ 18, 6, 243s+ 9)
}
.
Then there is a ternary LCD [n, k, d] code, and d3(n, k) = d.
4 Dimensions n− 2, n− 3, n− 4
As described in the end of the previous section, in this section, we determine
d(n, n− i) for i = 2, 3, 4.
The following lemma is a key idea for the determination of d3(n, n − i)
for i = 2, 3, 4.
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M13 =


0011111
0122110
1111100
1220101
1110011
1021012


M14 =


0011111
0122110
1111100
1220101
1110011
1021012
1212112


M17 =


000011111111
001122211100
112121110000
121111001010
122202011201

 M18 =


000011111111
111101111122
122112110000
121210201100
120121202010
112011221212


Figure 1: Matrices Mn (n = 13, 14, 17, 18)
Lemma 8. Let i be an integer with 2 ≤ i < n. If n > 3
i−1
2
, then d3(n, n−i) =
2.
Proof. Let C be a ternary [n, n− i] code with generator matrix of the form:
G =


1 1 1 0 · · · 0
In−i
...
...
...
...
1 1 1 0 · · · 0

 .
The code C is LCD, since GGT = In−i. By the construction, it is trivial that
C has minimum weight 2.
Suppose that there is a ternary [n, n− i, d] code. By the sphere-packing
bound, if d ≥ 3, then n ≤ 3
i−1
2
. The result follows.
Proposition 9.
d3(n, n− 2) = 2 if n ≥ 3.
Proof. By [1, Proposition 5], d3(3, 1) = 2. From [1, Table 4], it is known that
d3(4, 2) = 2. If n ≥ 5, then d3(n, n− 2) = 2 by Lemma 8.
Proposition 10.
d3(n, n− 3) =


4 if n = 4,
3 if 5 ≤ n ≤ 10,
2 if n ≥ 11.
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Proof. By [1, Proposition 5], d3(4, 1) = 4. From [1, Table 4], it is known
that d3(n, n − 3) = 3 for n = 5, . . . , 10. If n ≥ 14, then d3(n, n − 3) = 2 by
Lemma 8. It is known that the largest minimum weight among (unrestricted)
ternary [n, n−3] code is 3 if n = 11, 12, 13 (see [3]). Our exhaustive computer
search verified that no ternary [n, n − 3, 3] code is LCD for n = 11, 12, 13,
using the method in Section 3. As described in the proof of Lemma 8, it is
easy to construct a ternary LCD [n, n − 3, 2] code for n = 11, 12, 13. The
result follows.
Proposition 11.
d3(n, n− 4) =


5 if n = 5,
4 if 6 ≤ n ≤ 10,
3 if 11 ≤ n ≤ 36,
2 if n ≥ 37.
Proof. By [1, Proposition 5], d3(5, 1) = 5. From [1, Table 4], it is known that
d3(n, n − 4) = 4 for n = 6, 7, 8, 9, 10. If n ≥ 40, then d3(n, n − 4) = 2 by
Lemma 8.
It is known that the largest minimum weight among (unrestricted) ternary
[n, n− 4] code is 3 if n = 11, 12, . . . , 39. Let F36 be the ternary [36, 32] code
with generator matrix
(
I32 G36
)
, where
GT36 =


11100101110101111111011011011111
00210111220110102021120111121002
21222000011110210011122021200122
00001110001001011211111212122222

 .
We define the matrices Gi+4 (i = 31, 30, . . . , 7) by deleting the last 32 − i
rows of G36. Then let Fi+4 (i = 7, 8, . . . , 31) be the ternary [i + 4, i] code
with generator matrix
(
Ii Gi+4
)
. We verified that Fn is a ternary LCD
[n, n−4, 3] code for n = 11, 12, . . . , 36. In addition, our exhaustive computer
search verified that no ternary [n, n − 4, 3] code is LCD for n = 37, 38, 39,
using the method in Section 3. The result follows.
Acknowledgment. This work was supported by JSPS KAKENHI Grant
Numbers 15H03633 and 19H01802.
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Table 4: (n1, n2, . . . , n40)
Code (n1, n2, . . . , n40)
C11 (0, 0, 1, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1)
C16 (1, 1, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 1, 1, 0, 0, 0, 1, 0, 1, 0, 0, 0, 1, 0, 1, 0, 0)
C17 (0, 0, 1, 0, 0, 1, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 1, 0, 0, 0, 0, 0, 0, 0)
C20 (0, 0, 1, 0, 0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 1, 1, 0, 1, 0, 0, 0, 0, 1, 0, 1, 1)
C24 (0, 0, 1, 1, 0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 1, 0, 0, 0, 1, 1, 1, 0, 0, 1, 0, 1, 0, 0, 1, 1, 1, 0, 0, 1, 1)
C29 (0, 0, 0, 0, 1, 2, 0, 1, 1, 1, 1, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 1, 2, 1, 1, 0, 1, 1, 1, 0, 1, 0, 1, 0, 2, 1, 1, 1)
C30 (0, 0, 1, 1, 0, 1, 1, 1, 1, 1, 1, 0, 0, 0, 1, 1, 1, 1, 1, 0, 0, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 1, 0, 1, 1, 1, 1, 1, 0)
C33 (0, 0, 1, 0, 0, 1, 1, 1, 1, 1, 0, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 0, 1, 1, 1, 1, 1, 0, 1, 1, 1, 1, 0)
D27 (0, 0, 1, 0, 0, 1, 0, 1, 0, 1, 0, 1, 1, 0, 1, 0, 1, 0, 1, 0, 1, 1, 1, 0, 1, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 0, 1, 0, 1)
D36 (0, 0, 1, 1, 0, 1, 1, 1, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 1, 0, 1, 1, 1, 1, 0, 1, 1, 1, 1, 1, 1, 1, 1)
D39 (0, 0, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1)
D54,1 (1, 1, 0, 2, 1, 0, 2, 2, 2, 0, 0, 2, 2, 1, 0, 2, 2, 2, 0, 0, 2, 2, 2, 2, 0, 0, 2, 2, 2, 0, 2, 0, 2, 2, 2, 0, 2, 2, 2, 0)
D54,2 (0, 0, 0, 1, 0, 0, 1, 1, 1, 0, 0, 1, 1, 0, 2, 2, 2, 1, 2, 2, 2, 1, 2, 1, 2, 2, 2, 1, 1, 2, 2, 2, 2, 1, 1, 2, 2, 2, 1, 2)
C14 (0, 0, 1, 0, 0, 1, 0, 1, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 1, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1)
C27 (0, 2, 0, 0, 1, 1, 0, 0, 1, 1, 0, 0, 1, 1, 0, 0, 0, 1, 1, 0, 1, 0, 1, 1, 1, 1, 0, 0, 0, 1, 1, 0, 1, 0, 2, 0, 1, 0, 1, 1)
C36 (0, 0, 1, 1, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 1, 0, 1, 1, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 1, 0, 1)
C39 (0, 0, 1, 1, 0, 1, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 1, 0)
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